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ABSTRACT 
The increasing capabilities of roll-to-roll (R2R) printing processes present challenges for quality control, requiring in-
process inspection of large substrates with high resolution at high speed. In this paper, an all-optical difference engine 
(AODE) sensor has been developed for in-process defect inspection for R2R printed electronics. The AODE sensor 
achieves high-speed inspection by utilising the principle of coherent optical subtraction to minimise data processing. The 
capability of the developed sensor is demonstrated using industrial printed electrical circuity samples and the sensor is 
capable of inspecting areas of 4 mm width with a resolution of the order of several micrometres. 
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1. INTRODUCTION 
Roll-to-roll (R2R) printing is a high-volume manufacturing process and often used to produce large-area electronics on 
flexible substrates at relatively low cost 1. Various printable materials (e.g. conductor, semiconductor, dielectrics) are 
deposited over large flexible substrates to form thin electrical circuits 2. R2R printing technologies include screen 
printing, slot die coating, gravure printing and flexographic printing, where the speed of printing can be up to 50 m/min 2. 
As the number of functional units in a R2R production line is typically high, a fast method to detect defects in-process is 
necessary to improve the reliability of R2R printed products. Currently, in-process defect inspection of R2R printed 
electronics is mainly achieved using machine vision cameras, where images of the products are captured and compared 
to reference images. This method involves image post-processing such as feature extraction and registration with the 
reference image 3. In challenging applications where high-resolution inspection over large substrate areas is needed, 
multiple machine vision cameras can be deployed in parallel. However, the parallel step incurs significant equipment 
cost and requires a large amount of data post-processing. In this paper, an all-optical difference engine (AODE) sensor is 
developed to achieve fast in-process defect inspection on R2R printed electronics with relatively low cost. The working 
principle of the AODE sensor is based on coherent optical subtraction 4, 5 and a self-referencing strategy. High speed 
defect detection is achieved by virtually eliminating data post-processing at the software level. A prototype AODE 
sensor is developed using a digital camera and demonstrated by inspecting defects in industrial printed electrical circuitry 
samples produced with two different R2R processes. The potential of using a photodiode with the AODE sensor for high 
speed defect size inspection is also discussed. 
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